Plasma lipid/lipoprotein changes were monitored after a fat load (65 g fat per square meter body surface area) in six carriers of the apolipoprotein A-I Milano (A-I M ) variant and six age-and sex-matched control subjects. The magnitude of postprandial lipemia, calculated as the area under the curve (AUC) described by plasma triglyceride (TG) level versus time, was threefold higher in the A-I M carriers; however, after correction for the different baseline TG levels, it was similar to control subjects. Moreover, the magnitude of postprandial lipemia was positively correlated with baseline TG in both A-I M carriers (r=0.77) and control subjects (r=0.80), indicating that fasting TGs are a major determinant of postprandial response in all subjects. Postprandial lipemia was also inversely correlated with high density lipoprotein (HDL) and HDL 2 cholesterol in both groups (A-I M , r=-0.81 and -0.79; control subjects, r=-0.87 and -0.94). Different from those in control subjects, the plasma apo A-I levels in the A-I M carriers decreased progressively while apo B increased up to 4 hours but decreased thereafter. Postprandial rises of low density lipoprotein TG but not of HDL-TG AUC were significantly higher in the A-I M carriers, even after normalization for the different fasting concentrations. These data show that the low plasma HDL levels of A-I M carriers, which are secondary to a primary structural alteration of the major HDL apolipoprotein, are associated with elevated fasting and postprandial TG levels and an anomalous postprandial redistribution of TG among lipoprotein classes. In addition to the abnormalities in the HDL fraction, the A-I M carriers show a higher prevalence of hypertriglyceridemia compared with close unaffected relatives. 3 The hypertrigjyceridemia in these subjects is characterized by an elevation of very low density lipoproteins (VLDLs) of normal composition and by an increase of the triglyceride (TG) content of both low density lipoproteins (LDLs) and HDLs. 4 The mechanism(s) re- sponsible for the hypertriglyceridemia is poorly understood; the determination of lipoprotein lipase activity in the first described A-I M family failed to show any abnormality in the lipolysis of TG-rich particles (TGRLPs), 1 suggesting that other mechanisms may be operative. In particular, a linkage between the alterations in HDL and TG metabolisms has been suggested by the highly significant correlation between HDL subclass distribution and triglyceridemia. The aim of the present study was to characterize the postprandial lipid and lipoprotein changes in a group of carriers of the apo A-I M variant in comparison with ageand sex-matched normal subjects. In view of the obligatory low number of available carriers, the control subjects were selected among their close relatives to minimize the variability due to environmental and genetic factors 19 other than the presence of the apo A-I M mutant.
Increased Postprandial
: plasma levels of HDL are consistently reduced compared with those of control subjects, although a significant variability has been detected among the individual carriers.
-
4 Abnormal HDL3S, which are small and have a low flotation rate, are the major component of the carriers' HDLs, while plasma HDL 2 levels are markedly reduced. 6 In addition to the abnormalities in the HDL fraction, the A-I M carriers show a higher prevalence of hypertriglyceridemia compared with close unaffected relatives. 3 The hypertrigjyceridemia in these subjects is characterized by an elevation of very low density lipoproteins (VLDLs) of normal composition and by an increase of the triglyceride (TG) content of both low density lipoproteins (LDLs) and HDLs. 4 The mechanism(s) re-sponsible for the hypertriglyceridemia is poorly understood; the determination of lipoprotein lipase activity in the first described A-I M family failed to show any abnormality in the lipolysis of TG-rich particles (TGRLPs), 1 suggesting that other mechanisms may be operative. In particular, a linkage between the alterations in HDL and TG metabolisms has been suggested by the highly significant correlation between HDL subclass distribution and triglyceridemia. 6 Postprandial lipemia provides an attractive model for investigating the metabolism of TGRLPs in humans 7 " 12 and their relations with other lipoprotein systems. 13 " 18 The aim of the present study was to characterize the postprandial lipid and lipoprotein changes in a group of carriers of the apo A-I M variant in comparison with ageand sex-matched normal subjects. In view of the obligatory low number of available carriers, the control subjects were selected among their close relatives to minimize the variability due to environmental and genetic factors 19 other than the presence of the apo A-I M mutant.
Methods

Subjects
This study was conducted with four male (pedigree identification VII-46, VII-134, VII-136, and VII-153) and two female (VI-196 and VII-149) heterozygous apo A-I M carriers whose biochemical and clinical traits have been previously described. 3 Six age-and sex-matched noncarriers were selected among close relatives in the same family groups. All the selected subjects had no other disease and were taking no medications. All consumed a typical Mediterranean diet and were not obese; their body weights had been stable for at least 6 months before the study. Their ages ranged from 23 to 38 years. They abstained from strenuous physical activity and from alcohol in the 2 days before the study. All subjects were fully informed of the modalities and end points of the study, which was approved by the Internal Review Board.
Protocol
The study was carried out in Limone sul Garda, from where the A-I M carriers originate. 3 In each session two subjects, an A-I M carrier and the respective sex-matched control, were studied. After a 6 PM evening meal, the subjects were fasted overnight. At 8 AM the next morning, blood samples were taken for various measurements, and subjects received the fat load consisting of dairy cream (39% fat) with two teaspoons of sugar and 25 g of sliced baked bread. Each subject received 65 g fat per square meter of body surface area. 13 - 15 The fat load was consumed during a period of 10 minutes, and the subjects were deprived of any source of energy for the next 12 hours.
Blood samples were collected in tubes containing Na 2 -EDTA (1 mg/mL) via an infusion set inserted into an antecubital vein before the test meal (0 hour) and every 2 hours thereafter. The plasma was separated by low-speed centrifugation at 4°C. Aliquots were immediately added with 5 M NaBr for the separation of HDL subtractions by rate zonal ultracentrifugation. 20 Twohundred-microliter samples were frozen on acetone/dry ice and stored frozen for lecithin: cholesterol acyltransferase (LCAT) and cholesteryl ester transfer protein (CETP) activity determinations. The remaining plasma was stored overnight at 4°C. All the samples were transported to Milano in the morning following the study.
Laboratory Procedures
Total cholesterol (TC), free cholesterol, TG, and phospholipid levels in plasma and isolated lipoprotein fractions were determined by enzyme methodologies 21 " 23 that were standardized within a World Health Organization Quality Control program. The protein content of lipoproteins was measured by the method of Lowry et al 24 using bovine serum albumin as the standard. The cholesteryl ester (CE) mass was calculated as (TC-free cholesterol) x 1.68 and the total lipoprotein mass as free cholesterol+CE+TG+phospholipid-I-proteins. Plasma apo A-I, A-II, and B levels were determined by immunoturbidimetry 25 ; the determination of plasma apo A-IV was a courtesy of Dr. M. Rosseneu, Brugges, Belgium, and was performed by a sandwich enzyme-linked immunosorbent assay. 26 TGRLPs (d< 1.006 g/mL), intermediate density lipoproteins (IDLs)+LDL (d= 1.006-1.063 g/mL), and HDL (d= 1.063-1.21 g/mL) were separated by density gradient ultracentrifugation in a Beckman TL 100 ultracentrifuge equipped with a TL 100.3 rotor at 4°C. 27 HDL subfractions were separated by rate zonal ultracentrifugation in a swinging-bucket rotor. 20 IDL-LDL and HDL particle size distributions were analyzed by nondenaturing polyacrylamide gradient gel electrophoresis according to the method of Nichols et al. 28 The gels were scanned by an LKB Ultroscan XL laser densitometer, and particle sizes were calculated with the LKB 2400 GELSCAN XL software using latex particles (38 nm), thyroglobulin, apoferritin, lactate dehydrogenase, and bovine serum albumin as calibration standards. Five HDL subpopulations were identified according to Nichols et al. 28 An "HDL particle score" was calculated for each sample as previously described 29 ; a higher score represents a particle size distribution shifted toward smaller sizes. The apo E phenotype was determined as described in Reference 30.
LCAT activity was measured by a common substrate method using an apo A-I/egg phosphatidylcholine/cholesterol (0.8:250:12.5, mol/mol/mol) proteoliposome. 31 CETP activity was evaluated using an HDL substrate containing [ 14 C]CE as the CE donor and unlabeled LDLs as acceptor particles. 32 
Data Analysis
The postprandial lipemia was characterized by two different methods: 1) calculation of the area under the curve (AUC) described by plasma TG concentrations plotted against time; when specified, the area was normalized to the 0-hour value by dividing each subsequent value by the fasting value. 16 AUCs were calculated by the use of the trapezoidal rule by connecting the lines between the data points and a line originating at the 0-hour value parallel to the x axis. 2) calculation of the maximal postprandial TG increase (D max ), i.e., by subtracting the fasting value from the peak value; when specified, the normalized values were also used in this calculation. The two measures were tested for statistical significance between carriers and control subjects by one-way analysis of variance; a probability value less than 0.05 (two-tailed) was considered significant. Data are expressed as mean±SEM. No error bars are given in the figures because these are related to individual variations and may give a false impression of the significance of the results.
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Results
The anthropometric characteristics and the fasting lipid and lipoprotein concentrations in the examined A-I M carriers and control subjects are given in Table 1 . As expected, 1 -6 the apo A-I M carriers have significantly higher plasma TG and VLDL cholesterol (-C) levels and lower HDL-C, HDL 2 -C, HDL 3 -C, apo A-I, and A-II levels; LCAT and CETP activities, as well as plasma TC, LDL-C, and apo B levels, were similar in the two groups. The mean plasma apo A-IV concentration was 1.8-fold higher in the carriers, but the difference versus controls did not reach statistical significance. Since postprandial lipemia is influenced by the apo E phenotype, 16 all subjects were phenotyped for apo E. Apo E2 alleles were present in one A-I M carrier and two control subjects; none of the examined subjects either had the E2/E2 phenotype or carried an apo E4 allele.
Postprandial Plasma Lipid Responses
The fat tolerance test procedure was well tolerated by all subjects, and none had diarrhea or any gastrointestinal symptoms interpretable as fat malabsorption. Complaints about hunger usually started at the begin- ning of the evening, but none of the subjects had problems finishing the study. In response to the fat load, plasma TG levels rose sharply; peak levels were reached after 2 hours in three carriers and in three control subjects and after 4 hours in the remaining subjects. By pooling the values for both groups together, the mean peak TG level was detected at 4 hours in both the A-I, carriers and control subjects (Figure 1 ). In the time period between 4 and 8 hours after fat ingestion, plasma TG concentrations returned to baseline and slowly decreased thereafter (Figure 1 ). The time necessary for reaching the baseline TG value was significantly longer in the A-I, carriers (7.07k0.33 hours) than in control subjects (5.94k0.12 hours). The magnitude of the postprandial lipemia was calculated as indicated in "Methods," and the data are given in Table  2 ; the A-I, carriers showed a greater postprandial lipemia and plasma TG Dm, than control subjects ( Figure 1) . In both the A-I, carriers and control subjects, the magnitude of postprandial lipemia (AUC) was positively correlated with the fasting TG values (r=0.77 and 0.80, respectively; bothpc0.05) and negatively with the levels of HDL-C (r= -0.81 and -0.87, respectively) and HDL,-C (r= -0.79 and -0.94, respectively). In view of the strong association between fasting TG levels and postprandiallipemia,7~~3~~6~~~3~ results were adjusted to account for the higher fasting TG concentrations in the A-I, carriers, so that the two groups began the test with identical fasting TG levels. After this normaliza-" tion, the plasma TG responses in carriers and control subjects were no longer statistically different (p=0.24; Figure 1 and Table 2 ).
Plasma TC levels were onlv minimallv affected bv fat ingestion: they remained st&le in the iontrol subjects and tended to progressively decrease in the carriers, with a minimum (-13%) being reached 10 hours after the meal (data not shown).
Plasma apo A-I, A-11, A-IV, and B levels in the control subjects did not change significantly after the fat -- load ( Figure 2 ). Nonsignificant changes in plasma apo A-I1 and apo A-IV were also observed in the A-I, carriers. By contrast, in A-I, carriers, plasma apo B levels increased significantly at 2 and 4 hours (+8% and +IS%, respectively) and decreased thereafter; at 8, 10, and 12 hours, they were significantly lower compared with baseline (-12%, Figure 2 ). Plasma apo A-I showed a progressive decrease, which became significant at 8 hours (-15%, Figure 2 ). Postprandial changes in LCAT and CETP activities36737 were similar in the two groups. Both LCAT and CETP increased after fat ingestion, with a maximum at 4 hours (LCAT, +5.5% in carriers versus +2.5% in control subjects; CETP, + 10% in carriers versus + 14% in control subjects).
Postprandial Plasma Lipoprotein Responses
The changes in plasma TGRLP-TG levels after fat ingestion were very similar to those observed in whole plasma (Figure 3 ). Both the TGRLP-TG AUC and Dm, were significantly higher in the A-I, carriers compared with control subjects but became nearly identical after normalization for the different fasting values ( Figure 3 and Table 2 ). The time necessary for returning to baseline was also similar in the two groups (A-I,, 6.8940.47 hours; control subjects, 6.1720.30 hours).
In response to the fat load, (IDL+LDL)-TG levels rose slightly in the control subjects, reaching a maximum at 2 hours and decreasing thereafter; they returned to baseline after 4.94k0.28 hours (Figure 4 ). By contrast, the A-I, carriers showed a more pronounced and more sustained (IDL+LDL)-TG rise, the maximum being reached 4 hours after the meal; they also needed a significantly longer time for (IDL+LDL)-TG to return to baseline (8.84k0.41 hours). The (IDL+LDL)-TG AUC and Dm, were significantly higher compared with control subjects, even after normalization ( Figure 4 and Table 2 ). The fasting IDL+LDL fraction from the A-I, carriers was rich in TG and poor in CE compared with control values, as indicated by the twofold higher CE/TG ratio in the latter (7.8k1.6 versus 3.1k0.3). After fat ingestion, the TG content increased rapidly in both carriers and control subjects at the expense of CE ( Figure 5 ); these changes were much more sustained in the carriers, with the CEITG ratio returning to baseline significantly later (6.6820.68 versus 4.6320.47 hours in control subjects).
To investigate whether the more pronounced (IDL+LDL)-TG rise in the A-I, carriers was due to an accumulation of IDL or of TG-enriched LDL particles, the IDL+LDL fraction was further separated into IDL (d<1.019 g/mL) and LDL (d>1.019 g1mL) fractions. The IDL TG content increased markedly in both carriers and control subjects, almost doubling at 4 hours and returning to baseline at approximately 6 hours ( Figure  6 ). A similar pattern was observed by gradient gel electrophoresis, which showed the postprandial appearance of IDL particles (diameter of 27-30 nm) that disappeared 6 hours after the meal. By densitometry of the gradient gel electrophoresis gels, the maximum plasma content of these particles was reached at 4 hours; no significant difference was observed between 
FIGURE 4. Lwe p/ote of postprandial intermediate density lipoprotein plus low density lipoprotein (IDL +LDL) triglyceride (TG) response in six apolipoprotein A-1 Mllano carriers and six control subjects (top panel). In the bottom panel, the (IDL+LDL)-TG values were normalized for the different baselines by dividing each subsequent value by the fasting level.
fraction (Figure 6 ), indicating that an accumulation of TG-rich LDL particles occurred in the A-I M carriers. By gradient gel electrophoresis, no major differences were 4 6 8 TIME (hour) 10 
12
FIGURE 5. Line plots of changes in the postprandial composition of intermediate density lipoprotein plus low density lipoprotein (IDL + LDL) (top panel) and high density lipoprotein (HDL) (bottom panel) in six apolipoprotein A-I Mi!mo carriers and six control subjects. CE, cholesteryl ester.
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FIGURE 6. Line plots of changes in the postprandial intermediate density lipoprotein (top panel) and low density lipoprotein (bottom panel) triglyceride (TG) levels in six apolipoprotein A-I Mliam> carriers and six control subjects. Values were normalized for the different baselines by dividing each subsequent value by the fasting level.
found in the mean LDL particle size between carriers (25.3±0.1 nm) and control subjects (25.6±0.2 nm); this, as well as the intensity of the LDL band, did not change postprandially, a finding that is consistent with an equimolar substitution of TG for CE in the lipoprotein core.
HDL TG levels increased significantly after fat ingestion in both the carriers and control subjects. The D max was slightly but not significantly higher (Table 2 ) and occurred later in the carriers (6 hours) compared with control subjects (4 hours) ( Figure 7) ; the HDL-TG AUC was also higher in the carriers (Table 2 and Figure  7 ), but the difference versus control subjects did not reach significance. The time for return to the fasting value was significantly longer in the carriers (8.18 ±0.38 versus 6.06±0.48 hours). No significant correlation could be found between the HDL-TG AUC and the various fasting parameters in either group. The lipid core of fasting A-I M HDL particles was markedly enriched with TG compared with that of control subjects, as shown by the inversion of the CE/TG ratio (0.7±0.1 versus 6.1±0.5). The TG content of both control and A-I M HDLs increased and that of CE decreased after fat ingestion, with the maximum change being recorded at 4 hours in both groups ( Figure 5 ). The higher postprandial TGRLP TG response in the A-I M carriers did not result in a proportionally increased transfer of TG to HDL, as demonstrated by the lack of correlation between HDL TG and TGRLP AUCs (r=0.33 versus r=0.78 in control subjects). As observed for LDL, TG-enriched HDL remained in plasma for a significantly longer time in the carriers, with the CE/TG ratio returning to baseline after 7.97 ±0.80 hours versus 6.21 ±0.53 hours in the control subjects. The HDL subfraction distribution before and after the meal was analyzed by rate zonal ultracentrifugation, which separated the two main subfractions, HDL 2 and HDL 3 20 ; the flotation rate of both HDL 2 and HDL 3 was significantly lower in the carriers, as indicated by the lower elution volume from the gradient (7.51 ±0.10 mL versus 7.66±0.08 mL and 3.86±0.09 mL versus 4.79±0.06 mL, respectively). A significant rise in the HDL 3 flotation rate was observed 2 hours after the meal in both carriers and control subjects (4.10±0.10 mL and 4.97±0.06 mL, respectively); a similar trend was also noted in HDL 2 , with the rise in flotation rate occurring later, at 6 hours after the meal (A-I M , 7.88±0.08 mL; control subjects, 7.81 ±0.14 mL). The HDL particle size distribution was analyzed by gradient gel electrophoresis; as expected, it was shifted toward particles of smaller size in the A-I M carriers, 6 as indicated by the significantly higher HDL particle score (2.60±0.10 versus 2.05±0.08). Consistent with the data from the rate zonal ultracentrifugation, minimal changes in HDL particle size distribution were recorded after fat ingestion in both carriers and control subjects.
Discussion
Evaluation of postprandial lipid/lipoprotein changes offers an attractive model for investigating lipoprotein metabolism and the possible occurrence of abnormalities indicative of an increased or reduced proneness to arterial disease.
1238 - 39 In the case of A-I M carriers, the fasting elevation of plasma total and VLDL TG together with a dramatic reduction of HDL levels, particularly of the HDL 2 subfraction, 6 would at first glance indicate an increased susceptibility of these individuals to atherosclerosis development, 40 -41 a hypothesis that is certainly unproven in view of the remarkable cardiovascular health and apparent longevity of these subjects. 3 The present experimental studies, carried out in both carriers and close relatives (to eliminate possible environmental and genetic influences on lipid metabolism), provide some interesting clues as to why these individuals, despite their reduced levels of HDL-C, may in some way be protected from arterial lipid deposition.
Challenging control and A-I M subjects with an oral fat load resulted in a rise of plasma and TGRLP TG, with clear-cut negative correlations with baseline HDL-C and HDL 2 -C levels. 13 The plasma TG response of the A-I M carriers was significantly higher versus that of controls, possibly because of an increased TGRLP synthesis as suggested by the rise in plasma apo B levels at the early time intervals. After correcting plasma TG changes for the different baseline values, it became apparent that the postprandial rise did not differ markedly from that of control subjects. This is consistent with recent data indicating that fasting TG levels explain at least 50% of the variation in postprandial lipemia. 35 Confirming previous observations related to the lipoprotein composition of A-I M carriers, 1 -4 there was clear evidence that the postprandial TG levels rose not only in the TGRLPs but also in LDL and HDL. Since the catabolism of TGRLPs is apparently normal, as shown by a similar pattern of disappearance of TG-rich remnants in carriers and control subjects (Figures 3 and 6 ) and by the previously reported normal lipolytic activities in the carriers, 1 the pronounced rise of LDL TG may result from an increased transfer of TG from TGRLPs to LDL. 42 In fact, when the capacity of LDL to accept TG from TGRLPs is examined by calculating the ratio of postprandial LDL-TG/TGRLP-TG AUCs, it is clear that the uptake/transfer of TG by LDL is significantly higher in the A-I M carriers versus control subjects.
The opposite finding was detected for HDL. In the A-I M carriers despite a more pronounced accumulation of TGRLPs in the postprandial phase, the rise in HDL TG was almost identical to that of the control group; the capacity of A-I M HDL to accept TG from TGRLPs, calculated as the ratio between HDL TG and TGRLP TG AUCs, was therefore significantly reduced. The data presented would be compatible with a reduced transfer/exchange of TG for CE between TGRLPs and HDL in the A-I M carriers that is possibly related to the reported reduction of CETP and/or LCAT activities. 31 However, the subjects in this series had similar baseline CETP and LCAT activities; furthermore, the postprandial changes in LCAT and CETP were nearly identical in the carrier and control groups, indicating that the defect is in the HDL itself and not in the factors involved in transfer/exchange processes.
The available in vitro data support this hypothesis. Incubation of A-I M HDL and control HDL with TGRLPs and a lipoprotein-depleted plasma fraction (as a source of CETP and LCAT) in fact results in a reduced transfer/exchange of CE for TG when A-I M HDL is in the system. 43 The reduced capacity of A-I M HDL to accept TG would thus be consequent to a saturation of the HDL core with TG that would disallow further TG uptake, especially if the hydrolysis of HDL TG by hepatic lipase were impaired, 14 as suggested by by guest on April 20, 2017 http://atvb.ahajournals.org/ Downloaded from the prolonged postprandial response of TG-rich HDL in carriers' plasma ( Figures 5 and 7) . In this case, the regulatory role of apo A-II may come into play: apo A-II acts as an activator of hepatic lipase, 44 but when it is complexed with apo A-I M , the activating capacity may be reduced, similar to the case for LCAT, which is totally insensitive to activation by apo A-I M heterodimers and homodimers. 45 The reduction of disulfide-linked dimers in A-I M HDL completely reverts to normal the altered in vitro behavior of these lipoproteins, whether for lipid transfer/exchange or HDL particle remodeling. 43 The in vitro and in vivo studies clearly support the hypothesis that a primary alteration in HDL, i.e., the presence of covalently linked dimeric apo A-I forms, markedly affects the interaction between HDL and TGRLPs in the A-I M carriers.
In coronary patients, an increased postprandial lipemia due to defective lipolysis frequently results in low HDL, particularly HDL 2 , levels, possibly as a consequence of increased TG transfer to HDL 2 with subsequent hydrolysis by hepatic lipase.
14 The present data indicate that a contrasting situation may exist in the A-I M syndrome, in which the primary defect in HDL leads to an accelerated HDL catabolism 4647 and a reduced TG transfer to HDL; this condition is associated with elevated fasting and postprandial TG levels but with no rise in vascular risk. This dissimilarity suggests that hypertriglyceridemia/low HDL caused by a primary defect in HDL does not automatically confer to the affected subjects a high coronary heart disease risk, whereas this seems to be the case for hypertriglyceridemic individuals with low HDL due to defective lipolysis. 12 -3839
